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Background 
 

Cardiovascular diseases are the leading mortality cause in the world 

Cardiac arrest counts: 

 

• 500 000 deaths/year in Europe 

• 60 000 in France 

Mean survival rate of 5% 



International Liaison committee on 
Resuscitation 

2015 



ILCOR give strong recommendations to 

improve survival 
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Mechanical compression devices 

//Users/akhoury/Pictures/Photos Library.photoslibrary/Masters/2016/07/26/20160726-111527/IMG_1674.MOV


Minimal Interruption of chest compressions 

…But What about ventilation? 



International Liaison committee on 
Resuscitation 
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3 Questions : 
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1st Question : 

What if we don’t 

ventilate? 
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Vt = 700 ml 

Vt = 60 ml 

• 17 patients 

 

• CC: LUCAS 1 

 

• ETT 

• Manual Ventilation: 

Self-Inflating bag 

FiO2 100% 



Pulmonary injury caused by CC without 
ventilation 



2nd Question : 

What happens when 

we ventilate? 
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Do we hyperventilate cardiac arrest patients ? 

O’Neill J.F, Deakin C.D, Resuscitation 2007 

Clinical observational study 

12 patients OHCA 

 

High airway pressure 

RR = 40 / min 
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Hyperventilation:  

• Guidelines well known, but little observed in practice 

• Frequency too high rather than excessive VT 

 

 

Bergrath, Resuscitation 2012, Volume 83, Issue 4, Pages 488–493 

Abella BS. JAMA 2005;293:305-310 

N. Marjanovic. RESPIRATORY CARE October 29, 2013 



- Simulation of a Respiratory  Arrest Patient 

- Ingmar ASL 5000  

- Bag Valve Mask  (5 min) 

- Ambu 

- Laerdal 

140 Healthcare workers  

Factors affecting manual ventilation performance 

A. Khoury et al, Biomed Research International, 2016 



Factors affecting manual ventilation performance 

Variable Mean ± SD Lower quartile Upper quartile 

Instantaneous ventilation rate (RV, bpm) 

Tidal volume (VT, ml) 

BVM insufflation volume (Vins, ml) 

Gastric tidal volume (VG, ml) 

Lung peak flow (PFLung, L/min) 

BVM peak flow (PFBVM, L/min) 

Gastric peak flow (PFG, L/min) 

Lung peak pressure (Ppeak, cmH2O) 

I_time (I, s) 

E_time (E, s) 

24.09 ± 9.47 

333.94 ± 124.19 

590.20 ± 193.31 

37.58 ± 25.13 

39.99 ± 16.53 

69.26 ± 28.07 

5.35 ± 4.33 

4.81 ± 1.89 

0.76 ± 0.26 

2.10 ± 1.19 

17.20 

245.60 

458.11 

18.92 

28.40 

49.16 

2.53 

3.44 

0.58 

1.28 

29.09 

419.95 

723.40 

52.43 

50.16 

85.92 

7.34 

6.04 

0.89 

2.53 

Table 2: Ventilation parameter values measured during all the 5 minute ventilation tests (n = 280), realized 

with 140 participants ventilating with to different BVM on a simulated apneic patient. 

 ETT 

BVM 

A. Khoury et al, Biomed Research International, 2016 



Hyperventilation 

Has a deleterious effect on blood flow during CPR 

        Intrathoracic Pressure 
  
        Coronary perfusion pressure 
 
        venous return 
 
  
                  survival rate 



Are there solutions ?  
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Boussignac  
Cardiac Arrest Respiratory Device 
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B card 
(Boussignac) 



• Ideally >>>  

• Synchronization to Chest Compressions: 

– Compression = Insufflation time 

– Decompression = Exsufflation time 

But How to better optimise 
ventilation? 

  
 



JC Richard 
Cardio Pulmonary Ventilation 







3rd Question : 

What is the best way 

to ventilate? 
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Throughout the years… 

What is the best way to ventilate ? 
 

• Passive ventilation ? 

• Bag Valve Mask ? 

• Supraglottic devices? 

• Intubation ? 

• Continuous Flow insufflation ? 

 

Bobrow et al. Ann Emerg Med 2009 

Wong et al. Resuscitation 2010 

Bertrand et al, Intensive Care Med. 2006 



32 
P. Jabre, JAMA. 2018;319(8):779-787. doi:10.1001/jama.2018.0156 

ETT v/s Mask 



To intubate or not: ventilation is the question! 

Variable Mean ± SD Lower quartile Upper quartile 

Instantaneous ventilation rate (RV, bpm) 

Tidal volume (VT, ml) 

BVM insufflation volume (Vins, ml) 

Gastric tidal volume (VG, ml) 

Lung peak flow (PFLung, L/min) 

BVM peak flow (PFBVM, L/min) 

Gastric peak flow (PFG, L/min) 

Lung peak pressure (Ppeak, cmH2O) 

I_time (I, s) 

E_time (E, s) 

24.09 ± 9.47 

333.94 ± 124.19 

590.20 ± 193.31 

37.58 ± 25.13 

39.99 ± 16.53 

69.26 ± 28.07 

5.35 ± 4.33 

4.81 ± 1.89 

0.76 ± 0.26 

2.10 ± 1.19 

17.20 

245.60 

458.11 

18.92 

28.40 

49.16 

2.53 

3.44 

0.58 

1.28 

29.09 

419.95 

723.40 

52.43 

50.16 

85.92 

7.34 

6.04 

0.89 

2.53 

Table 2: Ventilation parameter values measured during all the 5 minute ventilation tests (n = 280), realized 

with 140 participants ventilating with to different BVM on a simulated apneic patient. 

 ETT 

BVM 

A. Khoury et al,  BMJ Open 
Respiratory Research,  

in Revision 2018 
 



3 Questions : 

Two answers 

34 



 

• RR = 8 – 10/ min 

• VT = 400- 600 ml 

 
35 

2015 

1. There is definitely a need to ventilate 

International Liaison committee on 
Resuscitation 

 

• If BVM >>  30:2  

• If ETT  >> Continuous  

 



2 countries 
2 cities 

3 answers 

11 countries 
77 cities 

112 answers 

1 country 
3 cities 

4 answers 
3 countries 

3 cities 
3 answers 

4 countries 
19 cities 

67 answers 

30 countries 
187 cities 

329 answers 

3 countries 
14 cities 

30 answers 



Which factor leads to inadequate ventilation? 

There is no monitoring  during manual 

ventilation  

No measurement of the 

ventilatory parameters 

No feedback of ventilation 

efficiency 

No evaluation of the patient 

clinical needs 

We don’t know what we are doing!  2. 



Manual Ventilation is difficult to realize in stressful conditions 

 

Efficiency varying from 0 to 38% according to studies 

Khoury, Anaesthesia 2015 





Monitoring and feedback System 

Provide a real-time feedback of ventilation efficiency according 
to the patient characteristics and the clinical situation 

 

 

 



Timer bars to provide 

adequate ventilation frequency 

Insufflated and tidal volume display 

Alarm signals (high frequencies, 

leakage…) 

Bar-graph for 

tidal volume adequacy Screen 

Interface (On/Off ; selection of ventilation 

modes and patient profile) 

Monitoring and feedback System 



Monitoring and feedback System 
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Important 
variability 

High frequencies 
Inadequate volumes 

Constant and adequate 
ventilation 

Ventilation without 

Ventilation with 

Monitoring and feedback System 



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

  T1   T2

Efficient ventilation

Inadequate ventilation

From 15% to 90% of efficient ventilation 

Randomized control trial  

40 healthcare providers 

(anesthetists, emergency physicians and paramedics) 

Submitted  

Monitoring and feedback System 



Is this the future ? 
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• During CC, CCSV mode leads to ventilations with a respiratory rate of 100 per minute 

• Synchronized with the start of each chest compression for a duration of only 205ms and 

inspiration being stopped before the decompression period begins.  

 

Kill, Crit Care Med 2014; 42:e89–e95 

Mechanical Ventilation During Cardiopulmonary Resuscitation With 

Intermittent Positive-Pressure Ventilation, Bi-level Ventilation, or  

Chest Compression Synchronized Ventilation (CCSV) in a Pig Model* 

Kill, PLOS ONE May 26, 2015 Adv Ther (2017) 34:2333–2344 
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T. Speer, Adv Ther (2017) 34:2333–2344 
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T. Speer, Adv Ther (2017) 34:2333–2344 



• Yes we need to ventilate 

• We need to adapt compressions to ventilation 

 

• Monitoring and feedback are needed to assess 

the quality of Ventilation and thus improve 

survival 
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Conclusion 



Thank you for your attention 

8-12 September 2018 
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